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Kinematic Evaluation of 4 Pediatric Collars and
Distribution of Cervical Movement Between
Primary and Coupled Angles
Ayman Assi, PhD,*wz Paul Yazbeck, MD,y Abir Massaad, PT, MSc,w
Wafa Skalli, PhD,z and Ismat Ghanem, MD, MSc*wy
Background: Primary and coupled angle restrictions, when neck
collars are used, have been investigated mainly in adults and not
yet in children.
Purpose: To evaluate the efficiency of 4 pediatric collars in re-
ducing cervical range of motion (ROM) in primary and coupled
planes.
Methods: Thirty asymptomatic children (16 boys and 14 girls)
aged 6 to 12 years participated in the study. A motion analysis
system was used to evaluate the ROM of the cervical spine
during flexion/extension, left and right lateral bending, and left
and right axial rotation. Primary and coupled ROM were
evaluated in unbraced and braced conditions. Four cervical
collars were tested: Philadelphia, Miami Jr, Necloc, and the
conventional Hard Collar. Thirteen subjects were tested 2 times
to evaluate the repeatability of the parameters. The ROM in
each plane was normalized to the sum of the ROM in the 3
planes, for each movement, to estimate the percentage of the
movement in each plane (normalized ROM), in braced and
unbraced conditions. The analysis of variance and post hoc
Benferroni tests were applied on raw and normalized ROM.
Results: ROM collected in collars showed a significant difference
compared with the unbraced condition. ROM obtained in
Necloc and Miami Jr showed a significant difference compared
with Philadelphia and conventional Hard Collar. The primary
plane is activated at 80% during flexion-extension and left-right
axial rotation; however, 55% of the total movement was com-
pleted in the frontal plane during left-right lateral bending in
unbraced condition. Statistical differences in the normalized
ROM were found between the braced and unbraced conditions
and among collars.
Conclusions: Necloc and Miami Jr presented the highest limi-
tation of movement in the primary and secondary planes. The
distribution strategy of a movement, between primary and
coupled angles, is different between the braced and unbraced
conditions.
Key Words: biomechanics, 3D motion analysis, cervical spine,
children, coupled movement, collars
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Cervical collars are usually prescribed for correctionintervertebral segment stabilization, treatment of
posttraumatic injuries, and postoperative immobiliza-
tion.1–3 Several cervical collars are used in adults with
varying degrees of immobilization of neck movement.
These orthoses are widely described in adults4–9 based on
kinematic evaluation. However, there are no studies that
have analyzed the extent of immobilization achieved by
cervical collars in children younger than 15 years of age.
To evaluate the immobilization of the cervical spine,
it is essential to explore normal cervical range of motion
(ROM). Most of the studies reported normal cervical
ROM in the adult population10–16 and only a few studies,
where video graphs and inclinometers were used to assess
active cervical ROM17,18 or passive kinematics,19 had
reported normal data on children. The cervical spine,
especially the upper part, represents a unique anatomy
compared with other regions of the spine and displays a
combination of motions, known as coupled motions.20
When a movement is performed primarily in a plane (ie,
flexion-extension in the sagittal plane), the movements
described in the other planes (ie, frontal and horizontal
planes) are called coupled angles/movements. Coupled
motions are mainly reported in adults and not well de-
scribed in children.15,16,21,22 Moreover, restriction of
coupled motions by cervical collars has never been in-
vestigated.
The aim of this study was to evaluate the restriction
of primary and coupled neck movements provided by 4
different types of cervical collars prescribed for children.
METHODS
Subjects
Thirty healthy children, 16 boys and 14 girls, aged
between 6 and 12 years [mean (SD): 9.3 (2)] participated
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in the study. Anthropometric measurements were col-
lected: weight [37 kg (12)], height [138 cm (12.4)], neck
circumference [26.6 cm (3.5)], and shoulder girdle width
[27.6 cm (2.8)]. Children with previous history of pain,
trauma, or orthopaedic disorder were excluded. The
subjects were recruited from the SOS Children’s Village
association in Lebanon. Parents and the association’s
manager signed the consent form. The Institutional Re-
view Board approved the study design.
Equipment and Protocol
Motion acquisitions were performed in a Gait lab-
oratory equipped with 6 infrared MX3 cameras with a
frequency set at 200Hz (Vicon Motion Systems, Oxford,
UK). The system was calibrated before each acquisition
(mean residual error on 3D marker reconstruction:
0.8mm). The marker set of the Plug in Gait protocol was
used for the upper limbs, including head and thorax,
based on the Davis protocol23: 4 markers were placed on
the head (left and right front head and back head), spi-
nous process of the seventh cervical vertebrae, spinous
process of the tenth thoracic vertebrae, jugular notch
where the clavicles meet the sternum, xiphoid process of
the sternum, and 1 marker on the middle of the right
scapula (to create an asymmetry that helps the autolab-
eling routine). Seven markers were placed bilaterally:
acromioclavicular joint, upper arm (between the elbow
and the shoulder marker), lateral epicondyle approx-
imating elbow joint axis, lower arm (between the wrist
and the elbow marker), wrist thumb side, most caudal-
lateral point on the radial styloid, most caudal-medial
point on the ulnar styloid, and finger (placed on the
dorsum of the hand just below the head of the second
metacarpal) (Fig. 1A). Eight segments were re-
constructed: head, thorax, arm, forearm, hand bilaterally.
Markers were placed by the same physiotherapist.
Collars’ Evaluation
The 4 most used cervical collars in our pediatric
service were tested: Philadelphia, Miami Jr, Necloc, and the
conventional Hard Collar (Fig. 1B). An average size of
collars was chosen for all subjects as neck circumference
had a small intervariability. Collars were placed, by the
same physiotherapist who placed the reflective markers,
whereas subjects were in a standing position. The first ac-
quisition was performed without a collar, referred to in the
text as the unbraced condition. Then, the same acquisitions
were performed while the subjects were wearing the collars.
The order of testing of the collars was randomized.
Experimental Protocol
Motion analysis measurements were taken in an
illuminated closed room without sun light. Subjects were
bare torso (some of the female subjects wore the upper part
of a 2-piece swimsuit) and were sat in an ordinary school
chair, feet flat on the floor with a back support without
inclination.13 Their knees were bent at 90 degrees and their
hands were resting on their thighs. The starting position
was the neutral position, defined by the subject. A static
trial was performed, where the subject was asked not to
move for 5 seconds. Then, the subject was asked to perform
single-plane neck movements in the following order: flex-
ion, extension, left lateral bending, right lateral bending, left
axial rotation, and right axial rotation (Fig. 2). The neutral
position was held for 3 seconds between each movement.8
The reproducibility of the neutral position was not eval-
uated. The subjects were asked to perform neck motion
without moving their chest and their shoulders by bringing
their chin to their sternum, then, their occiput to their back
during flexion-extension, their ear to their shoulder during
lateral bending (bilaterally), and turning their nose during
axial rotation (bilaterally). During the test, subjects were
asked for maximal effort to obtain maximal-end cervical
ROM and good reliability of measurement in accordance
with the recommended procedures.8,10 Familiarization tri-
als were performed before acquisitions. To study the re-
peatability of the protocol, 13 subjects randomly chosen
within this sample performed the exam twice. Sessions were
separated by at least 1 week.
ROM Calculation
The movement of the neck was calculated as the
movement of the head relatively to the thorax. Raw data
were processed using the pipeline in Workstation (Vicon
Motion Systems): fill gap routine (at 20 frames) and the
Woltring filter with a scale of 10. Three-dimensional neck
angles were calculated using the YXZ sequence of Cardan
between the head and the thorax positions and extracted
from each trial in an Excel Sheet. The movements were
regrouped in 3 graphs where curves were sampled into 51
points and defined as following: total flexion-extension
(TFE), left and right lateral bending noted as total lateral
bending (TLB), left and right axial rotation noted as total
axial rotation (TAR). The cervical ROM was calculated
on each curve. Primary and coupled movements were
explored in the plane of interest and the 2 remaining
planes for each neck motion. Percentages of motion re-
duction in primary and secondary planes were calculated
for each collar among the population.
To investigate the coupled angles during a single-
plane movement in both braced and unbraced conditions,
all ROM were normalized to the sum of ROM that the
subject performed in all planes during a task, that is,
during flexion-extension of the neck, the angles described
in the 3 planes were S_TFE, F_TFE, and H_TFE (for the
sagittal, frontal, and horizontal planes, respectively), their
sum is noted Total_TFE and the normalized ROM will
be: %S_TFE=S_TFE/Total_TFE, %F_TFE=F_TFE/
Total_TFE, and %H_TFE=H_TFE/Total_TFE. Mean
and SD of percentages were calculated for the 30 asymp-
tomatic children (Fig. 3).
Statistics
The normality of the distribution of values was
tested using the Shapiro-Wilk test. Mean values and SD
of cervical ROM were calculated for the 30 healthy sub-
jects in the unbraced condition and when collars were
used (Table 1). Test-retest repeatability was evaluated for
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each ROM, in each plane and for each movement by
calculating the intraclass correlation coefficient (ICC)
between the 2 sessions. The confidence interval at 95%
(CI 95%) was evaluated for each ROM.24 The t test of
Student was applied to estimate significant differences
between sessions (level P<0.05). ROM measurements
and percentages of ROM were compared with a 1-way
analysis of variance. A Bonferroni correction was applied
for multiple comparisons, setting significance at
Pr0.005. Data processing was performed in MATLAB
(Mathworks, Natick, MA). Statistics were calculated us-
ing XLSTAT (Addinsoft, New York, NY).
RESULTS
Database for Normal Kinematics
Cervical ROM in primary and secondary planes of
interest during TFE of the neck, TLB, and TAR has been
reported in Table 1 (in unbraced condition and when
collars were used). The maximal contribution of coupled
movements was found during TLB: with a mean ROM of
84 degrees in the frontal plane, and coupled motion of 29
and 43 degrees, respectively, in sagittal and horizontal
plane.
Repeatability
The analysis of intersession variability revealed that
there were no significant differences, between sessions and
for each movement: P-value ranged between 0.1 and 0.9
for all planes of interest during the performed move-
ments. The ICC ranged between 0.6 and 1 except for the
ROM in the sagittal plane, during TLB, and in the un-
braced condition, where the ICC was around 0.55. The CI
at 95% was ±10 to ±11 degrees for the primary angles
in TFE and TLB and ±14 degrees for TAR for un-
braced and braced conditions. CIs for coupled ROM
ranged between ±4 and ±7 degrees (the larger CIs
were found for TLB in the horizontal plane and TAR in
the frontal plane).
Cervical ROM in Braced Conditions
The ROM obtained during neck flexion-extension,
lateral bending, and axial rotation for each collar was
collected by plane of motion in Table 1. All ROM per-
formed in the collar-wearing condition were significantly
different to the unbraced condition. The comparison of
ROM between collars highlighted significant differences
(Table 1).
During flexion-extension, the conventional Hard
Collar had a significantly larger ROM in the sagittal
plane than the Necloc (P<0.0001). No statistical differ-
ences between collars were found for ROM in the sec-
ondary planes, during flexion-extension.
During left and right lateral bending, Philadelphia
had a significantly larger ROM in the frontal plane than
any of the other collars (P<0.0001). Coupled movements
occurring in the horizontal plane for Miami Jr and the
Hard Collar were significantly smaller (P=0.001 and
A
B
Philadelphia Miami Jr. Necloc Hard Collar
FIGURE 1. A, The testing set up and the markers’ placement based on the Davis protocol. B, The 4 pediatric collars: Philadelphia,
Miami Jr, Necloc, and Hard Collar.
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P=0.003, respectively) to Philadelphia. There was no
significant difference between Necloc, Miami Jr, and the
Hard Collar, in primary and secondary planes, during left
and right lateral bending.
During left and right axial rotation of the neck,
Miami Jr and Necloc had significantly lower ROM in the
horizontal plane than Philadelphia and the Hard Collar
(P<0.004). No differences were found in the secondary
planes, during left and right axial rotation.
Similar results of statistical differences between
collars were found when multiple comparisons were ap-
plied on the percentage of motion reduction.
Normalized Primary and Coupled Angles
Percentages of ROM, when normalized to the total
movement performed in the 3 planes, were collected
in Figure 3. The analysis of the normalized ROM, be-
tween the braced and unbraced conditions, revealed sig-
nificant differences in the distribution strategy of primary
and coupled angles.
During flexion-extension, the movement was per-
formed at >80% in the sagittal plane (primary plane) in
the unbraced condition, whereas the rest of the movement
was completed at <10% in the frontal and horizontal
planes. The proportion of sagittal and frontal movements
were significantly lower in all the braced conditions
compared with the unbraced condition (P<0.004), dur-
ing TFE. Necloc and Hard Collar showed a significantly
lower % of movement performed in the horizontal plane
during TFE, when compared with the unbraced condition
(P<0.004). However, no significant differences were
found in the normalized ROM in the horizontal plane
during TFE of the neck between Philadelphia, Miami Jr,
and the unbraced condition.
During left and right lateral bending, 55% of the
movement was performed in the frontal plane (primary
plane) in the unbraced condition and 18% and 26% were
performed in the secondary planes (for the sagittal and
horizontal planes, respectively). No statistical differences
were found in the normalized ROM, in each plane, be-
tween Philadelphia, Necloc, and the unbraced condition
in the 3 planes. The normalized ROM in the frontal plane
was significantly more important with Miami Jr and Hard
Collar, when compared with the unbraced condition and
Necloc (P<0.001). The same results were found in the
horizontal plane, in addition to a significant difference
with Philadelphia (P<0.003).
During axial rotation, in the horizontal plane (pri-
mary plane), the movement was performed at 78% in the
unbraced condition, whereas in the secondary planes the
movement was performed at 9% and 13% (for the sag-
ittal and frontal planes, respectively). All collars showed
significantly lower normalized ROM in the horizontal
plane and significantly larger normalized ROM in the
sagittal and frontal planes compared with the unbraced
condition (P<0.0001). Philadelphia and the Hard Collar
showed significantly lower normalized ROM in the
frontal plane compared with Necloc and Miami Jr. Both
Philadelphia and the Hard Collar showed significantly
larger normalized ROM than Necloc, in the horizontal
plane, whereas only Philadelphia showed a larger nor-
malized ROM than Miami Jr.
DISCUSSION
Restriction of both primary and coupled move-
ments of the cervical spine is not well described in chil-
dren. The purpose of this study was to compare the
efficiency of 4 pediatric cervical collars (Philadelphia,
Miami Jr, Necloc, and the conventional Hard Collar) in
the restriction of primary and coupled movements of the
neck using a motion analysis system. Thirty asympto-
matic children, aged between 6 and 12 years, performed
neck flexion-extension, left-right lateral bending, and
FIGURE 2. Neck movements: (A) static, (B) flexion/extension,
(C) left/right lateral bending, and (D) left/right axial rotation.
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left-right axial rotation in the unbraced and braced con-
ditions, where the 4 collars were tested.
Most of the studies have reported normal cervical
ROM in the adult population10–16 and only a few studies
have reported normal data in children.17,18 The values of
primary ROM found in our experiment were comparable
with these previous studies on children.
Many authors have emphasized the importance of
the effect of sex and age on cervical ROM, in the adult
population.19,22,25 These effects were not evaluated in our
study because of the small sample size.
Coupled movements were mainly described in
adults.15,16,21,26,27 This is the first study where coupled
movements were described in children aged between 6 and
12 years. Our results seem to be different to those measured
in 15- and 16-year-old subjects16: around 5 degrees of dif-
ference in the coupled movements and 15 degrees in the
primary movements. This difference could be related to the
variety of ages in our population or to a different perfor-
mance of the movement in the young subjects included in
our study.
In this study, a test-retest assessment was conducted
on 13 subjects. The kinematic parameters were shown to
be repeatable. The low repeatability of ROM in the sag-
ittal plane during left-right lateral bending in the un-
braced condition could be related to incapacity of the
children to reproduce the same movement which led them
to use a different strategy of distribution of primary and
FIGURE 3. Normalized range of motion in the unbraced and braced conditions (Philadelphia, Miami Jr, Necloc, and the Hard
Collar), tested by 30 asymptomatic children aged 6 to 12 years during flexion-extension, left and right lateral bending as well as
left and right axial rotation in the frontal, sagittal, and horizontal planes. Significant differences: a, with unbraced condition;
b, with Necloc; c, with Philadelphia; d, with Miami Jr.
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coupled angles, during the performance of the movement.
The reproducibility of the neutral position between tasks
should be evaluated for a better understanding of pro-
prioception behaviors in the pediatric population.
All the collars tested in our study presented a sta-
tistical difference with the unbraced ROM. Statistical
differences were found among collars in the primary plane
of each movement and in the horizontal plane during
lateral bending. Miami Jr and Necloc were shown to be
the most effective in the limitation of the primary and
coupled movements.
A large number of studies have compared the effi-
ciency of different types of cervical collars in adults using
several methods including x-rays, fluoroscopy, goniom-
etry, ultrasounds, or infrared.4–9 However, there is no
study analyzing pediatric cervical collars’ efficiency on
both primary and coupled movements. Studies conducted
on adults,9 using radiographs in the neutral and maximal
positions, showed similar results for Necloc and Miami
Jr. In a study of Zhang et al,8 where the Vicon system was
used, the results showed very good motion restriction by
Miami Jr compared with three other orthoses used for
adults.
The restriction of the neck’s ROM, when collars are
used on asymptomatic children, was described in our
study. This could be seen as a limitation of this study
when the results are applied on symptomatic subjects.
The normalized ROM, during a single-plane
movement, were evaluated in the braced and unbraced
conditions (Fig. 3). To our knowledge, this study is the
first to evaluate the percentage of ROM (primary and
coupled) by normalizing the results to the entire ROM in
the 3 planes. The strategy of distribution between the
primary and coupled planes, during a movement, differed
between the braced and unbraced conditions.
When the flexion-extension of the neck was per-
formed, the movement in the sagittal plane was less im-
portant in the braced condition, whereas, the movements
in the frontal and horizontal planes were greater.
During left and right lateral bending, the movement
was performed to a greater extent in the secondary planes
(sagittal and horizontal) in the unbraced condition.
Miami Jr and the Hard Collar showed a larger contrib-
ution in the frontal plane, with a reduced contribution of
the horizontal plane. Necloc and Philadelphia reduced the
movement without any change of the normalized ROM
relatively to the unbraced condition.
During axial rotation, a similar panel to the flexion-
extension was present. All collars showed a statistical
reduction of the normalized ROM in the horizontal plane
and an increase in the secondary planes relatively to the
unbraced condition.
These results showed that during the performance
of flexion-extension and left-right axial rotation, the pri-
mary plane was the most used in the unbraced condition
(around 80%). In collar conditions, subjects performed a
greater percentage of the movement in the secondary
planes in response to the limitation of movement in the
primary plane, caused by the collar.
However, a different strategy seemed to be used
when left-right lateral bending was performed: the limi-
tation caused by the collars increased the normalized
ROM in the frontal plane (primary plane) and decreased
it in the secondary planes, especially in the case of Miami
Jr and the Hard Collar.
It would be pertinent to mention that as the anat-
omy and motion patterns of children over 8 years of age
approach those of adults, the 6 to 12 age group is not
helpful in extrapolating to small children but can only be
interpreted for this age group.
A larger sample size could help us to be more de-
cisive in the choice of the collar; however, the complexity
of the coupled angles and the limited reproducibility of
the children’s positioning and movement performance
still have to be taken into consideration.
In summary, Necloc and Miami Jr seem to be more
efficient in limitation of primary and coupled movements.
During lateral bending of the neck, in the unbraced
condition, a large part of the movement was performed in
the coupled planes. The strategy of distribution of the
primary and coupled angles, during a single-plane
movement, was often different between the unbraced and
braced conditions but also within braced conditions. This
finding emphasizes the impact of the choice of collars on
the basis of the pathology and the need to limit neck
movement in a specific plane.
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TABLE 1. Average Cervical ROM and SD on 30 Healthy
Children Aged 6 to 12 Years During Flexion-Extension, Left
and Right Lateral Bending, and Left and Right Axial Rotation in
the 3 Planes
Planes Sagittal (deg.) Frontal (deg.) Horizontal (deg.)
Movements Mean (SD) Mean (SD) Mean (SD)
Flexion-extension
Unbraced 118 (20) 12 (7) 11 (8)
Philadelphia 32 (13)* 6 (3)* 3 (1)*
Miami Jr 32 (15)* 6 (4)* 3 (2)*
Necloc 27 (13)* 7 (5)* 4 (2)*
Hard Collar 39 (18)*w 7 (5)* 6 (4)*
Left-right lateral bending
Unbraced 29 (10) 84 (14) 43 (22)
Philadelphia 12 (8)* 44 (18)* 18 (10)*
Miami Jr 8 (4)* 33 (15)*z 9 (5)*z
Necloc 11 (7)* 31 (14)*z 14 (8)*
Hard Collar 9 (4)* 32 (14)*z 10 (6)*z
Left-right axial rotation
Unbraced 15 (6) 23 (14) 134 (17)
Philadelphia 9 (4)* 14 (9)* 47 (25)*
Miami Jr 8 (4)* 12 (8)* 28 (13)*z
Necloc 8 (6)* 13 (9)* 28 (16)*z
Hard Collar 10 (5)* 12 (7)* 43 (20)*wy
Unbraced and braced conditions: evaluation of 4 collars.
*Significantly different from unbraced.
wSignificantly different from Necloc.
zSignificantly different from Philadelphia.
ySignificantly different from Miami Jr.
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